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RESUMEN La adicción a las drogas es un importante problema en nuestra sociedad con graves consecuencias jurídicas, médicas y sociales para los consumidores. Se trata de un trastorno caracterizado por la pérdida de control sobre el uso de la droga, su búsqueda compulsiva y la aparición de un estado emocional negativo en ausencia de la misma. Por su categoría legal, existen dos amplios tipos de sustancias de abuso, legales e ilegales. El alcohol es la droga legal más consumida tanto por adultos como por adolescentes. Por otra parte, entre las sustancias ilegales, los datos epidemiológicos apuntan que el éxtasis o MDMA es una sustancia ampliamente consumida entre los adolescentes y adultos jóvenes sobre todo en fiestas “rave” donde los consumidores pasan horas, incluso días, haciendo uso de esta sustancia. La adolescencia constituye un periodo de alta vulnerabilidad debido a la inmadurez cerebral, siendo muy perjudicial en esta fase de la vida el consumo de drogas y la exposición a situaciones ambientales negativas. En concreto, se ha demostrado que el estrés social puede provocar el inicio, escalada y la reinstauración en el consumo de drogas en modelos animales. Por ello, el objetivo del presente trabajo ha sido estudiar el efecto del estrés social agudo y repetido sobre las propiedades reforzantes de MDMA (1.25 y 10 mg/kg) y alcohol (1.25 y 2.5 g/kg) en ratones macho adolescentes y adultos jóvenes. Para ello se ha utilizado tres paradigmas principales, la derrota social, el condicionamiento de lugar y el procedimiento de “two-bottle choice”. Para inducir estrés social los animales fueron sometidos a dos tipos de derrota social en un encuentro agonístico con un animal coespecífico agresivo. En la derrota social aguda los ratones experimentales son expuestos a un encuentro agonístico con otro ratón macho en un área neutral inmediatamente antes de la exposición a la droga (cuatro sesiones separadas 48 horas). En la derrota social repetida los ratones experimentales son expuestos a un encuentro agonístico en la jaula del oponente (modelo residente-intruso) de forma repetida e intermitente (cuatro sesiones separadas 72 horas) tres semanas antes de la exposición a la droga.  Se realizó una medición de los niveles de corticosterona 
 
 
en sangre tras la primera y cuarta derrota en los dos modelos de estrés social. En el condicionamiento de lugar se utiliza una caja con dos compartimentos claramente diferenciados en función del color y de la textura del suelo. Para la adquisición del condicionamiento, tras la administración de la droga el animal es confinado en uno de los compartimentos, por tanto, es un modelo de los efectos reforzantes o aversivos condicionados de las drogas. Tras la adquisición del condicionamiento se puede evaluar también su extinción y su reinstauración por la re-exposición a la droga (“priming”). En el procedimiento de “two-bottle choice” el animal tiene acceso a dos botellas, una con agua y otra con alcohol, en su propia jaula. Por tanto, es un modelo del consumo voluntario de alcohol. Asimismo también hemos evaluado el efecto del estrés social sobre otras conductas o procesos como la ansiedad (en el laberinto elevado en cruz), depresión (en el “tail-suspension test”), interacción social, aprendizaje (reconocimiento de objeto, “Hebb-Williams maze”) y memoria (evitación pasiva). A su vez, hemos estudiado la base neurobiológica que subyace a los efectos reforzantes de la MDMA y su modulación por el estrés, evaluando el papel del sistema glutamatérgico y de la vía del óxido nítrico. Por otra parte, dado que el alcohol es la principal sustancia adictiva consumida a nivel mundial, y que la finalidad ultima del trabajo es avanzar en el conocimiento de los mecanismos neurobiológicos que subyacen a la adicción, hemos estudiado el papel de los receptores opioides mu en la ingesta de alcohol en el paradigma de “two-bottle choice”. Los ratones adultos jóvenes adquieren un condicionamiento de preferencia de lugar (CPL) tras el condicionamiento con 1.25 y 10 mg/kg de MDMA. Este efecto reforzante del MDMA es bloqueado por la exposición a derrota social aguda. Por su parte los ratones adolescentes sólo muestran CPL tras el condicionamiento con 10 mg/kg de MDMA y la derrota social aguda no modifica este efecto. Además la derrota aguda induce una menor respuesta de estrés en adolescentes que en adultos jóvenes, ya que los niveles de corticosterona sólo aumentan inmediatamente después de la derrota social en ratones adultos jóvenes. Estos resultados indican que los ratones 
 
 
adultos jóvenes son más sensitivos a los efectos reforzantes del MDMA y que el estrés inducido por la derrota social en adultos jóvenes interfiere con la adquisición del CPL. Por el contrario, los ratones adolescentes y adultos jóvenes expuestos a derrota social repetida (DSR) muestran un aumento a largo plazo en su sensibilidad a los efectos reforzantes del MDMA. Tres semanas después de la exposición a DSR se observó un incremento en la duración del CPL inducido por 1.25 y 10 mg/kg de MDMA en ratones adolescentes y adultos jóvenes. Asimismo se observó un aumento de la vulnerabilidad a la reinstauración inducida por priming en ratones expuestos a DSR durante la adolescencia y condicionados tres semanas después con 1.25 mg/kg de MDMA. El incremento en los efectos reforzantes y reinstauradores del MDMA en ratones expuestos a DSR durante la adolescencia es observado a pesar de que esos ratones muestran niveles más bajos de corticosterona que los ratones adultos, indicando la elevada vulnerabilidad del cerebro adolescente a los efectos de la exposición al estrés. Con respecto al papel del sistema glutamatérgico en los efectos reforzantes condicionados del éxtasis, hemos visto que estos efectos dependen de la activación de los receptores glutamatérgicos NMDA ya que el antagonista NMDA memantina inhibe la adquisición del CPL inducido por éxtasis y bloquea la reinstauración inducida por la re-exposición a una dosis “priming” de MDMA. Asimismo, con respecto a la influencia del sistema opioide en los efectos reforzantes del alcohol, hemos observado que la administración del antagonista opioide mu GSK1521498 (0.1, 1 y 3 mg/kg) reduce el consumo de alcohol en el paradigma de “two-bottle choice” en ratas con preferencia por el alcohol, lo que sugiere la utilidad de este compuesto para el tratamiento del alcoholismo. Nuestros resultados también han demostrado que la combinación de MDMA (10 mg/kg) con la derrota social aguda induce déficits cognitivos tales como una inhibición de la memoria implícita (evitación pasiva) y un deterioro de la memoria de reconocimiento (test de reconocimiento de objeto), así como un incremento de la inmovilidad en el “tail suspension test” que es un modelo animal de depresión, y una 
 
 
respuesta motora reducida al “priming” con MDMA. Con respecto al alcohol, la derrota social aguda y repetida revierte la aversión condicionada a un lugar inducida por la dosis alta de alcohol (2.5 g/kg) e incrementa el consumo voluntario de esta sustancia en el paradigma de “two-bottle choice” en ratones, lo que sugiere que el estrés social aumenta los efectos reforzantes del alcohol. Con respecto al papel de otros receptores glutamatérgicos en los efectos reforzantes del éxtasis y en la influencia que ejerce el estrés social sobre dichos efectos, hemos demostrado que los receptores NMDA, AMPA y la vía del óxido nítrico están implicadas en los efectos reforzantes condicionados del éxtasis. La administración del antagonista NMDA memantina (10 mg/kg), del antagonista AMPA CNQX (0.25, 1 y 5 mg/kg) y del inhibidor de la síntesis de óxido nítrico 7-nitroindazole (7.25 y 12.5 mg/kg) bloquean la adquisición del CPL inducido por éxtasis en ratones. Asimismo, la administración de memantine (5 mg/kg) y de 7-nitroindazole (7.25 mg/kg) revierte los efectos deteriorantes de la derrota social aguda sobre el CPL inducido por éxtasis, lo que sugiere que el sistema glutamatérgico y la vía del óxido nítrico están implicados en estos efectos del estrés social.   En conjunto estos resultados indican que la exposición al estrés social (tanto agudo como a largo plazo) incrementa los efectos reforzantes de MDMA y alcohol y produce diferentes alteraciones conductuales, por ejemplo una reducción de la conducta social, que pueden estar relacionadas con el incremento en el consumo. Los antagonistas glutamatérgicos y la inhibición de la síntesis de óxido nítrico bloquean los efectos reforzantes de la MDMA y el antagonismo de los receptores opiáceos mu disminuye la búsqueda y consumo de alcohol. El avance en el conocimiento de los sistemas de neurotransmisión implicados en los efectos reforzantes de la MDMA y el alcohol puede contribuir al desarrollo de estrategias farmacológicas para el tratamiento de la adicción a la estas drogas.  
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ABSTRACT Drug addiction is a serious problem in our society and has serious legal, medical and social consequences for consumers. This disorder is characterised by an impaired control over substance use, compulsive drug seeking, and the emergence of a negative emotional state in the absence of the drug. With regard to legality, there are two broad types of substances of abuse: legal and illegal. Alcohol is the most consumed legal substance by adults and adolescents. Among illegal substances, epidemiologic data suggest that ecstasy, or MDMA, is a widely used substance among adolescents and young adults, especially in "raves", where consumers spend hours, even days, using this substance. Adolescence is a period of enhanced vulnerability due to the lack of brain maturation, and consumption of drugs of abuse and exposure to different negative environmental conditions is especially harmful at this stage of life. It has been demonstrated that social stress can trigger onset, escalation and reinstatement of drug use in animal models. Therefore, the objective of this work was to study the effects of acute and repeated social stress on the rewarding properties of alcohol and MDMA using the place preference paradigm (CPP) and the two-bottle choice procedure. In addition, we set out to evaluate the effects of social stress on several behaviours or processes (anxiety, depression, social interaction, learning and memory). We have also studied the neurobiological aspects underlying the rewarding effects of MDMA and their modulation by stress, assessing along the way the role of the glutamatergic system and nitric oxide (NO) pathway. Moreover, since alcohol is the main addictive substance consumed in the world, we have studied the role of the opioid system in the rewarding effects and intake of ethanol. Overall, our results indicate that exposure to social stress (both acute and long-term) increases the rewarding effects of MDMA and ethanol and induces different behavioural alterations, such as a reduction of social interaction, which is related with an increase in drug consumption. Glutamate antagonists and inhibition of NO synthesis block the rewarding effects of MDMA and 
 
 

















 1.- GENERAL INTRODUCTION 




are primarily activators of stress response. In this work we induced the stress response by the exposure to different forms of social defeat, an important factor that may lead to psychopathological changes and disorders (Björkqvist, 2001; Miczek et al., 2008; Garcia-Pardo et al., 2014). In rodents, after being defeated, profound pshysiological and behavioral changes were observed (de Groot et al., 1999; Lumley et al., 1999; Keeney et al., 2001; Griebel et al., 2002). It has been shown several times that exposure to different procedures of social defeat increases the rewarding and reinstating effects of different types of drugs chiefly psychostimulant drugs, such as cocaine and amphetamine, in the self- administration and conditioned place preference (CPP) paradigms (Miczek et al., 2008; Neisewander et al., 2012; Aguilar et al., 2013).   










































Figure 1:  
 
 
Source: The European Monitoring Centre for Drugs and Drug Addiction 2014 (EMCDDA). 
In Spain there are two regular surveys, EDADES (Encuesta Domiciliaria sobre Alcohol y Drogas en España), which polls people aged 15-64 residing in family homes; and ESTUDES (Encuesta Nacional sobre Uso de Drogas en la Enseñanza Secundaria), aimed at students aged 14-18 years who attend Secondary School; both funded and promoted by the 
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Evolution of the prevalence of ecstasy consumer and average age 
of first use in a population aged 15-64 (percentages). Spain 1995-
 











Source: OEDT. Encuesta sobre alcohol y drogas en España (EDADES)  
The other epidemiological report ESTUDES (2012/2013) showed that in 2012, the main illegal drugs consumed by students aged 14 to 18 years were cannabis, hypnotics, cocaine and MDMA. Prevalence of ecstasy use at least once in life was higher in men than women (3% versus 1,4%), representing an increase of 0.5% compared to 2010. This increase occured mainly among men whose prevalence of consumption doubled that registered among women and the age of first consumption of MDMA was by 15, 8 years of age (see Figure 4). 
Prevalence of ecstasy in the last 12 months in the population 












Source: ESTUDES 2012/2013 
 On the other hand, data about consumption of alcohol shows that it is a problematic topic, mainly among adolescents with binge drinking patterns of consumption. According to data from EDADES the extent of drinking in the Spanish society is practically universal. Thus, in 2013, 93.1% of the Spanish population between 15 and 64 years had consumed at least once in their lives, 78.3% of the population admitted to having consumed in the past year, and 64.4% had done so in the last 
Evolution of the prevalence of ecstasy and average age of first 










Source: ESTUDES 2012/2013. Observatorio español sobre drogas. DGPNSD. MSSSI  














3.- ABOUT MDMA MDMA (3,4-Methylenedioxymethamphetamine) belongs to a designer drug group made with different chemical agents. It is an illegal drug well known for its recreational use, primarily because of its empathogenic properties. For example, it increases the feeling of love, sociability, intimacy, confidence, elevated empathy, closeness to others and euphoria (Parrott, 2001; Morgan et al., 2013; Hysek et al., 2014; Davis & Rosenberg, 2014) and it is consumed mainly in places similar to dance club, discos or rave parties where people spend several hours (or even days) dancing in environments with electrical and house music (Bobes et al., 2002). Positive effects after consumption have also been demonstrated in experimental animals, MDMA inducing different changes in social behaviour such as prosocial and anti-aggressive effects (Thompson et al., 2008; Thompson et al., 2009; Machalova et al., 2012). There are many code names and popular terms for this drug. An early street name, ecstasy has give rise to the initials XTC (Shulgin, 1990), but other names are also being used to indicate the same substance (Adam, Essence, lovely drug, “E” or “X”) or  "molly" or"mandy" when the drug is in powdered form. The acronym MDM stands for methylene-dioxy-methamphetamine, and MDMA in its full form, are a reference to the initials of the synthetic base 3, 4- methylenedioxymethamphetamine.   3.1.- History MDMA has been among the most popular illegal psychotropic drugs since the mid 1980s (Kalant, 2001; Freudenmann et al., 2006). However, 




patented by the German pharmaceutical company Merck in Darmstadt around 1912, probabily unintentionally, with plans to market a compound very different from MDMA, an appetite suppressor (Freudenmann et al., 2006).  Also, in 1953, MDMA was used by American Army Chemical Centre as a potential brainwashing agent and its toxical effects were evident, althought they were never published. Later, in the 1960s, the longer-acting analogue of MDMA, MDA acquired a recreational use. Its rediscovery in the late 1970s probably had little to do with the fact that it was a legal drug. But its effects were unknown for the moment. In 1978, the biologist and chemist Alexander Shulgin showed the psychoactive effects of MDMA and in 1980s MDMA began to be used as a recreational substance in rave parties among youg people mainly (Pentney, 2001; Sessa, 2007). As it has been said before, MDMA promotes relaxation, an increase in communication with others, it facililitates a loosening of the ego and encourages elevated thoughtfulness and contemplativeness (Nichols, 1986; Morgan et al., 2013; Hysek et al., 2014). MDMA was also used, sometimes, as a therapy substance. For example, the warmth and feelings of empathy that are experienced under MDMA effects can be used to promote a positive therapy. Utilisation of MDMA as an agent to assist in couples therapy in the United States in the early 1980s was common because it allowed users to approach previously difﬁcult 








Figure 6  
 
              Chemical structure of MDMA 
 
Figure 7  
 
        Dimensional structure of MDMA 








several regions of the brain mainly in the nucleus accumbens (NAcc) (Yamamoto & Spanos, 1988; Marona-Lewicka et al., 1996; White et al., 1996; Kankaanpää et al., 1998). Data shows crucial and distinct involvement of the 5-HT system in processes related with drug addiction and compulsive behaviour (Müller & Homberg, 2015). In fact, differents studies have attributed its locomotor and rewarding effects to both the activation of serotonergic and dopaminergic systems (Meyer, 2013; Müller & Homberg, 2015), although other systems like endocannabinoid seem to be also associated (Valverde & Rodriguez-Arias, 2013).  Figure 8   
 
                         Mechanism of action of MDMA   
Excesive 5-HT relase 






Glutamatergic system also plays an important role in the mechanism of action of MDMA. Microiontophoretic application of MDMA has been shown to inhibit glutamate evoked firing of most cells in the NAcc (White et al., 1994). Anneken & Gudelsky (2012) reported that in the hippocampus MDMA produces a delayed and sustained increase in the extracellular concentration of glutamate. The MDMA-induced increase in hippocampal glutamate release was suppressed by fluoxetine and the 5-HT2 antagonist ketanserin but was still evident in the presence of tetrodotoxin (a lethal neurotoxin with rapid and potent action) and the authors concluded that 5-HT, released by MDMA, activates 5-HT2A/C receptors, thereby promoting this release of glutamate in the hippocampus.   3.5.- Long-term neurotoxicity and related behavioural alterations 












recorded deaths related to ecstasy/MDMA. The pharmacokinetics and metabolism of MDMA are described in more detail in other works (de la Torre et al., 2000; Green et al., 2003).   3.7.- Effects of MDMA  The physiological and psychological effects of MDMA are thoroughly described in several studies (Dumont & Verkes 2006; Parrott, 2013 a). There are broad data about the effects of MDMA in the organism because it acts in several parts. So, we will organize the next section in different areas. First we will describe the physiological and behavioural effects of MDMA in humans and then the same effects in experimental animals.  A.- HUMANS  








regular ecstasy users, whereas ecstasy consumed at dance clubs induces an 800% increase in cortisol levels, because of the combined effects of the stimulant drug and dancing. Also, in three-month abstinent users the cortisol levels were 400% higher than those in controls. Chronic users show heightened cortisol release in stressful environments accompanied by deficits in complex neurocognitive tasks. So, acute and subchronic MDMA increase cortisol levels and induce changes in the hypothalamus-pituitary-adrenal (HPA) axis (Parrot et al., 2014).   
∞ Psychological effects MDMA consumers report increased subjective feelings of love, euphoria, intimacy, personal closeness, elevated vigor and arousal (Liechti et al., 2000 a, b; Kuypers et al., 2007). Psychological effects of MDMA depend on 5-HT, while the euphoric effects appear to relate to DA (Liechti & Vollenweider, 2001). In fact, some consumers have entactogenic effects and positive responses such as feeling like ‘ﬂoating, ﬂying, highly sensual’ and that ‘everyone is your friend’.  MDMA, associated with a subjective feeling of confusion that could be related to its serotonergic-induced hallucinogenic effects, seems to have some deleterious effects on psychomotor performance (De la torre et al., 2000). Different reviews with meta-analytic studies indicated that 




One of the most prominent adverse effects of MDMA is related to cognitive functioning (Parrot, 2013 b; Wagner et al., 2014). Memory is an important capacity frequently reported to be affected by MDMA (Verkes et al., 2001; Verbaten, 2003; Daumann et al., 2004; Camarasa et al., 2012; Gallagher et al., 2014). Heffernan et al., (2001) reported a prospective memory damage in MDMA consumers that can persist after acute consumption because Parrott & Lasky (1998) demonstrated that 1 and 4 days after MDMA administration the users have significantly lower scores than controls (60–70% recalled fewer words) on the memory recall task.  Using Wechsler Adult Intelligence Scale memory subscales in a small group of abstinent ecstasy/MDMA users, Krystal et al. (1992) found mild to moderate levels of impairment in memory. In the same line, (Morgan, 1999) reported signiﬁcantly poorer prose recall in abstinent ecstasy users, compared to non-user controls. Fox et al., (2002) administered the Cambridge Automated Neurocognitive Test Battery to abstinent 




consumption of ecstasy, acute negative reactions sometimes occur. For example, acute feelings of anxiety, overstimulation, panic, and loss of personal control (Davison & Parrott, 1997; Cohen, 1998). Positive and negative mood changes often develop in the same individual, with feelings of happiness and depression, and extraversion and introversion, during the same ecstasy/MDMA experience (Liechti et al., 2000 a, b). In relation with aggression, Reid et al., (2007) reported that those with a higher prevalence of lifetime ecstasy use exhibit higher levels of aggressive and violent behaviour. Individuals with low self-control appear to be most affected by ecstasy use maybe because aggression is a behaviour related with 5-HT.   B.- EXPERIMENTAL ANIMALS  




susceptible to infectious diseases (Boyle & Connor, 2010). Finally, exposure to MDMA decreases levels of gonadotrophin release hormone in the hypothalamus and serum testosterone (Dickerson et al., 2008).   








Administration of MDMA can alter learning and memory in animal models using different species like monkeys, mice and rats (Taffe et al., 2001; Moyano et al., 2004; Daza-Losada et al., 2009a; Plaza-Zabala et al., 2010; Camarasa et al., 2012; Shariati et al., 2014). Plaza-Zabala et al. (2010) demostrated that mice treated with MDMA showed reduced learning and recall of active avoidance task when compared with saline-














4.-ABOUT ALCOHOL Alcohol is the most socially accepted and most commonly used drug of abuse, and it is also the one that induces the most social and health-related problems (Nutt et al., 2010).  EtOH, the main component of alcoholic drinks, is the name for a chemical compound known as ethyl alcohol that in normal conditions is a colorless and flammable liquid with a boiling point of 78.4°C. The concentration of EtOH is variable according with the elaboration of the drink. There are two main categories that are different for their amount of alcohol: fermented beverages (such as beer or wine) with a low graduation (5-10º), and distilled beverages (for example, gin, vodka or whiskey) with a high graduation (40º - 50º).  EtOH affects the CNS, causing disinhibition, confusion, dizziness, euphoria, low glare, drowsiness, and poor motor coordination. In some cases, it increases irritability and aggressiveness. At higher concentrations, it slows movement and causes temporary loss of vision and visual hallucinations (for example, double vision is very typical in drunk people). If the dose of intoxication is very high, it can provoke coma and death.  Disinhibition and sedative effects are characteristic because EtOH is an allosteric modulator of many transmembrane receptors (Pohorecky & Brick, 1988) and it works as a CNS depressant, potentiating the action of 




4.1.- History of ethanol  Alcohol is the oldest drug of abuse used by people. For centuries, alcohol consumption has been part of our culture and society. Anciently, drinks with alcohol, have been linked with the divine by its nature and its effects and soon were associated with religious rituals. Later, the consumption of alcohol continued to extend, and nowadays, EtOH is the most important drink in our lives, even in different cultures, in spite of knowing its negative effects.   4.2.- Structure of ethanol  EtOH is a primary alcohol because it has the hydroxyl group connected to a primary carbon atom. EtOH has a lot of polarity because there are several links between oxygen and hydrogen neighboring molecules. Its chemical formula is CH3-CH2-OH (C2H6O).   Figure 9     Figure 10 
             
 









addition, EtOH affects most other neurochemical and endocrine systems (Erdozain  & Callado, 2014).  *Ethanol and the GABAergic system.  
Primarily, γ-amino-butyric (GABA) is considered the main inhibitory neurotransmitter in the CNS. The GABAergic system plays an important role in the mechanism of action of EtOH, mediating different behavioural and pharmacological effects (Erdozain & Callado, 2014). EtOH allosterically potentiates the actions of GABA, stimulating the flow of chloride through the GABAA receptors (Grobin et al., 1998; Aguayo et al., 2002). Chronic EtOH consumption and repeated EtOH withdrawal produce many adaptations of the GABAA receptor function. For instance, after chronic exposure to EtOH different behaviours (like sedative, motor incoordinating and cognitive-impairing effects) are modified due to changes in the sensitivity of GABAA receptor-mediated responses (Silvers et al., 2003; Erdozain & Callado, 2014). EtOH also enhances the GABAB induced synaptic responses being important for example, in the altered mental and motor performance after an acute EtOH intoxication (Federici et al., 2009).  *Ethanol and glutamatergic system  




hydroxyl-5-methyl-4-isoxazole-propi onic acid), and kainate (Traynelis et al., 2010; Chandrasekar, 2013). The effect of EtOH over the glutamatergic systems lays on the modulation of the ionotropic glutamate receptors. Particularly the NMDA receptors are the most sensitive to the effects of EtOH (Dodd et al., 2000), being its depressant effects based on the antagonism of glutamate action at these receptors (Grobin et al., 1998; Wirkner et al., 1999).  EtOH inhibits the long-term potentiation phenomenon, which is important in learning and memory, probably through NMDA receptors (Givens, 1995). In the alcoholic brain, glutamatergic abnormalities have been observed, such as a lack of glia in the prefrontal cortex of alcoholics (Miguel-Hidalgo & Rajkowska, 2003; Miguel-Hidalgo et al., 2006; Smith et al., 2014). Also, blocking NMDA receptors decreases EtOH reinforcement and inhibits the expression of dependence that confirmed the role of the NMDA receptor and glutamatergic neurotransmission in EtOH reinforcement and dependence (Krystal et al., 2003). Recently, it has been demonstrated that alterations occur in the intrinsic electrical membrane properties and enhanced glutamatergic synaptic transmission in the NAcc core of rats during protracted withdrawal from chronic intermittent EtOH treatment, a model of alcohol dependence (Marty & Spigelman, 2012).  *Ethanol and dopaminergic system  




techniques have indicated that the mesolimbic DAergic system is activated when alcohol is administered to laboratory animals (Spanagel, 2009) and it has been suggested that the mesocorticolimbic DA system is involved both in the positive and negative reinforcing effects of EtOH (Ericson et al., 2009). In particular, the VTA is involved in the effects of alcohol. It has been suggested that acute alcohol administration increases extracellular DA within the NAcc via changes in GABAergic feedback into the VTA (Spanagel, 2009). Low systemic doses of EtOH produce a dose-dependent increase in the firing rate of DAergic neurons, and alcohol stimulates DA transmission in the mesolimbic pathway (Gessa et al., 1985; Di Chiara & Imperato, 1988). Genetic factors are important since EtOH-induced DA release is greater in rats bred for alcohol preference (Bustamante et al., 2008), and alcohol SA produces a considerably greater relative stimulation of mesolimbic DA release in alcohol-preferring than in control rats (Katner et al., 1996; Bell et al., 2006). Moreover, alcohol cue-evoked DA release in the ventral striatum is greatest in men with a higher genetic risk for alcoholism (Oberlin et al., 2013).  The involvement of the DA system in the rewarding effects of EtOH is also described in the section 5 (page 60-61).     
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About Alcohol *Ethanol and the endocannabinoid system  
This system participates in drug reward through the release of endocannabinoids in the VTA. Accumulating evidence indicates a central role for the endocannabinoid system in the regulation of the rewarding properties of drugs of abuse including alcohol (Maldonado et al., 2006; Solinas et al., 2007; Serrano & Parsons, 2011; Erdozain  & Callado, 2011; Filbey & DeWitt, 2012).  Neuroadaptation to chronic EtOH involves changes in the endocannabinoid system (Vinod & Hungund, 2005). The agonism of the endocannabinoid system increases EtOH intake (Linsenbardt & Boehm, 2009) while the cannabinoid receptor 1 (CB1) antagonist rimonabant reduces the increase in DA in the NAcc induced by acute etanol (Cheer et al., 2007), blocks the rewarding effects of alcohol and prevents reinstatement (Parolaro & Rubino,  2008). These results confirm that CB1 contributes to the motivational and reinforcing properties of EtOH, and chronic consumption of EtOH alters the levels of endocannabinoids and CB1 expression in the brain nuclei associated with addiction pathways (Pava & Woodward, 2012). *Ethanol and opioid system  








reported to acting more selectively than naltrexone as an antagonist at the mu-opiod receptor. Under conditions of high receptor expression and endogenous receptor activation in celular assays, GSK1521498 has inverse agonist properties, thereby reducing receptor activation in the absence of an exogenous agonist (Giuliano et al., 2012; Giuliano et al., 2013). In an experiment of the present thesis we have studied the effect of this antagonist on the alcohol consumption in rats (Giuliano et al., submitted in Neuropsychopharmacology).   4.5.- Effects of Ethanol  A.-  HUMANS  The effects of EtOH in humans are diverse because they are different depending on dose, gender, age, total amount ingested, the speed of consumption, body weight, the presence of food in the stomach or state of mind. Two types of effects have been observed, each with different characteristics: acute effects, caused by the massive intake of EtOH, which are proportional to the blood concentration, and chronic effects caused by excessive and repeated or continued consumption.  




g/l), it produces a central depression and the consequence is a general slowing, ataxia, dysarthria, loss of reflexes and sleep. At very high (4-5 and >5 g/l) concentrations EtOH can induce coma or death caused by respiratory depression (Pohorecky & Brick, 1988; Sarasa-Renedo et al., 2014).  




hypertension, it also makes people prone to infections, decreases testosterone levels, etc. (Sarasa-Renedo et al., 2014). Moreover, EtOH consumption is dangerous during gestation because during brain ontogeny alcohol causes irreversible alterations to the brain structure with long-term cognitive, behavioral and physical anomalies, know as fetal alcohol spectrum disorders (Alfonso-Loeches & Guerri, 2011; Moore et al., 2014).    B.- ANIMALS  
∞ Acute physiological and behavioural effects  Nowadays a binge-drinking pattern of consumption is typical in adolescent humans. So, a lot of animal studies focus in the acute effects of alcohol binges in adolescent rodents (Pascual et al., 2007; Do Couto et al., 2011; Rodríguez-Arias et al., 2011; Vidal-Infer et al., 2012 b; Pascual et al., 2014; Montagud-Romero et al., 2014). EtOH binges induces 
inﬂammatory mediators in the brain by activating glial cells and stimulating intracellular signalling pathways that trigger induction of cytokines, cyclooxygenase-2 (COX-2), inducible NO synthase (iNOS) and neural cell death (Vallés et al., 2004; Blanco et al., 2005; Pascual et al., 2007). Elevated levels of COX-2 and iNOS are observed during excitotoxicity, ischaemia and neural injury (O’Banion, 1999). These 
























5.- BRAIN REWARD SYSTEM AND 







Brain reward system 
5.- BRAIN REWARD SYSTEM AND REINFORCING EFFECTS OF MDMA AND ALCOHOL The rewarding properties of natural stimuli and drugs of abuse are mediated by the activation of the brain reward system. The mesocorticolimbic DA system is known to play a major role in appetitive behaviors (Kelley & Berridge, 2002; Wise, 2008; Carlezon & Thomas, 2009; Dalley & Everitt, 2009) and is the main neural substrate of the rewarding effects produced by drugs of abuse (Wise, 1998; McBride et al., 1999). It is originated in the VTA and projecting to the NAcc and to several key cortical loci, including the anterior cingulate cortex (ACC), orbitofrontal cortex (OFC) and prefrontal cortex (PFC) (Cohen et al., 2002; Everitt & Robbins, 2005; Hyman et al., 2006; Feltenstein & See, 2008; Dalley & Everitt, 2009; Rodriguez-Arias et al., 2013).  Pathological disturbances of the brain DA systems are involved in a number of neurological and neuropsychiatric disorders, including Parkinson’s disease, schizophrenia, attention-deﬁcit hyperactivity disorder and drug addiction (Nieoullon, 2002; Goodman, 2008). Alcohol, psychostimulants, nicotine, opioids, and cannabinoids (Chen et al., 1990; Yoshimoto et al., 1992; Pontieri et al., 1996; Koob & Le Moal, 2001) activate the mesolimbic dopaminergic system and increase DA transmission in the NAcc and associated limbic areas (Wise, 2008).  On the other hand, there is another important aspect that is necessary to highlight. Drug addiction is an illness not only characterised by a physical stimulus, because sometimes other cognitive superior process such as learning or memory are involved and they influence the circuit system described before. Responses to drugs can acquire motivational 
signiﬁcance by being associated with environmental stimuli through 
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Brain reward system 
pavlovian conditioning (O’Brien et al., 1998). These drug associated conditioned stimuli (CSs) may then predict drug availability, evoke memories of drug’s effects, or of withdrawal, to result in craving even long into abstinence, and, perhaps most importantly, may elicit and maintain the instrumental behaviours of drug seeking and taking  (Childress et al., 1999; Garavan et al., 2000; Robbins & Everitt, 2002). Addiction can be understood in terms of pavlovian and instrumental learning and memory processes, and their subversion by the actions of addictive drugs on dopaminergic transmission within corticostriatal systems, that normally mediate learning and memory processes in the context of natural rewards (Robbins & Everitt, 1999; Everitt & Robbins, 2005; Dalley & Everitt, 2009; Everitt 2014). Other structures play a role in drug addiction. For example, PFC is important to take decisions about consumption and it is involved in behavioural inhibition, flexibility, decision-making and cognitive decisions about the negative consequences of consumption while hippocampus is important for remembering different keys associated with consumption (Cohen et al., 2002; Dalley & Everitt, 2009; Everitt, 2014). For example, using CPP it is very evident, because the experimental animals associated the environmental cues with the rewarding effects of the drug after connecting their mesolimibic area with other neuroanatomical structures such as hippocampus (see Figure 11).  In this regard, the main neurotransmissor in MDMA and EtOH reward and addiction is DA although other neurotransmitters, such as serotonin, are also involved (Müller & Homberg, 2015). MDMA increased the release of DA in NAcc that interacts with other neurotransmitters such as 5-HT or GABA (O´Shea et al., 2005; Amato et 
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al., 2007; Touriño et al., 2008; Reveron et al., 2010; Kehr et al., 2011). Using the CPP paradigm, it has been demonstrated that MDMA produces reinforcing effects in rats (Meyer et al., 2002; Braida et al., 2005; Diller et al., 2007; Feduccia & Duvauchelle, 2008; Catlow et al., 2010) and mice (Daza-Losada et al., 2007; 2009 b; 2011; Manzanedo et al., 2010; Rodriguez-Arias et al., 2010; Do Couto et al., 2011). Using the AA paradigm, MDMA also induces reinforcing effects in rhesus monkeys (Fantegrossi et al., 2002; Lile et al., 2005), rats (Schenk et al., 2007; 2008; 2011; Cornish et al., 2003) and mice (Trigo et al., 2006; 2007; Touriño et al., 2008; Orejarena et al, 2009; 2011; Ruiz-Medina et al., 2011).  It has been demostrated that activation of DA D1-like and D2-like receptors contributes to the maintenance of MDMA SA. The reinforcing effects of MDMA were attenuated by pretreatment with the D1 antagonist SCH 23390 (Daniela et al., 2004) and with D2 receptor antagonist eticlopride (Brennan et al., 2009). Similarly, DA is involved in the rewarding effects of MDMA in the CPP paradigm. The mixed serotonin (5-HT2A)/DA D2) antagonist risperidone, the DA D1 antagonist SCH 23390, the DA D2 antagonist haloperidol, the D2 antagonist raclopride and the DA release inhibitor CGS 10746B block acquisition of MDMA CPP (Vidal-Infer et al., 2012 a; Roger-Sanchez et al., 2013 a).  As regards alcohol, it has been repeatedly reported that this substance induces stimulant and motivational effects in animal models (Camarini et al., 2010; Brabant et al., 2014). Behavioural and biochemical studies have demonstrated that alcohol takes action in central reward areas and enhances DA neurotransmission from neurons of the VTA increasing DA 
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levels within the NAcc and prefrontal cortex (Di Chiara & Imperato, 1988; Boileau et al., 2003; Robinson et al., 2009; Söderpalm & Ericson, 2013; Erdozain & Callado, 2014; Mrejeru et al., 2015). Rodents self-administer EtOH directly in the VTA (Rodd et al., 2004) and the activation of DA receptors in the shell of the NAcc (NAccsh), ventral palid (VP) or medial PFC (mPFC) are involved in mediating the reinforcing effects of EtOH in the VTA, suggesting that the 'alcohol reward' neuro-circuitry consist in the activation of the DA projections in important brain reward areas like VTA, VP and PFC (Ding et al., 2014).  The D1 antagonist SCH 23390 administered into the core or shell of NAcc reduced context-induced reinstatement of EtOH SA (Chaudhri et al., 2009) and the development of EtOH-induced CPP (Pina & Cunningham, 2014). In addition, D2 receptor signaling in the dorsolateral striatum is also involved in EtOH SA (Corbit et al., 2014). Moreover, (Rotter et al., 2012) found that the establishment of EtOH CPP was paralleled by a decrease in frontal cortex DA D2 receptor messenger ribonucleic acid (mRNA) expression. Finally, the DA system is also involved in the rewarding effects of alcohol effects in humans (Charlet et al., 2013).  
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Figure 11 
Most used paradigms of drug reward 
  a.- Conditioned preference place (CPP)     










6.- brain stress system 





Brain stress system 
6.- BRAIN STRESS SYSTEM AND DRUG ABUSE Stress is an internal and external stimulus that can produce changes in our natural organism homeostasis. Stress is a wide term and it can be used for several situations. In fact, a lot of types of stress (physical, emotional, social, pharmacological…) have been described in the literature. Biological and behavioural variables (such as cognition, motivation, emotion) are involved in the stress reaction.  Different regulatory systems of the body are activated during stress situations, but the main structure of central control and regulation is the HPA axis. In response to stress the HPA axis begins different actions in body to go back to homeostasis, including physiological and metabolic changes (Miller & O´Callaghan, 2002), releasing hormones such as corticotropin-releasing factor (CRF), adrenocorticotropin hormone (ACTH) and glucocorticoids; in addition, the symphatic-adrenal system releases catecholamines (adrenaline and NA) (Kupfermann, 1991). Immune system is also involved in stress response (Costa-Pinto & Palermo-Neto, 2010; Capuron & Miller, 2011; Rodriguez-Arias et al., 2013). Under stress, the HPA axis is activated by the secretion of CRF from the hypothalamus (Turnbull & Rivier, 1997; Sarnyai et al., 2001; Goeders, 2002). CRF-containing neurons projecting from the paraventricular nucleus to the median eminence release the peptide into the adenohypophyseal portal circulation. The binding of CRF to receptors located in the anterior hypophysis results in the synthesis of proopiomelanocortin (POMC), a large precursor protein that produces several smaller peptides, including ACTH and β-endorphin. ACTH 
76 
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diffuses through the general circulation until it reaches the adrenal glands, where it stimulates the biosynthesis and secretion of adrenocorticosteroids (e.g. cortisol in humans or corticosterone in rodents), which act at diffused body sites to assure the overall response to stress (Goeders, 2003; Kovács, 2013). Under stress, various systems are activated by the effects of cortisol (Chrousos & Gold, 1992; McEwen, 2003). The general function of the HPA axis is controlled by several negative feedback loops (Herman et al., 2012), regulated by mineralocorticoid and glucocorticoid receptors (Harris et al, 2013). Glucocorticoids act in a negative feedback mode by decreasing production and release of CRF in the hypothalamus and of POMC and its neuropeptides in the anterior pituitary (Zhou et al., 2006; Rodriguez-Arias et al, 2013).  On the other hand, in a stressful situation our organism needs to be prepared for acting (the classical flight or fight response) and ensure our survival. For this reason, the sympathetic nervous system activated the adrenal medulla by inducing adrenaline and NA release that produced an increase in heart rate, a rise in blood pressure, a shift in blood flow to the skeletal muscles, an increase in blood glucose, dilation of the pupils and stimulation of respiration (Goeders, 2003). For more information see the next figure.   
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Figure 12: Pshysiology of the response to stress 
 
The neurobiological sytems involved in response to stress are close to the neurobiological system involved in drug addiction, the nexus between both systems being the circuitry of the extended amygdala (Koob, 2009; Rodriguez-Arias et al., 2013). Activation of brain stress systems seems to be a key element of the negative emotional state produced by dependence and which drives drug-seeking through negative reinforcement mechanisms (Koob, 2009). Many of the 
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motivational effects of drugs may involve a common neural circuitry that forms a separate entity within the basal forebrain, termed the “extended amygdala” (Alheid & Heimer, 1988). It has been demonstrated that the extended amygdala circuitry extends from the shell of the NAcc to the BNST and central nucleus of the amygdala (Alheid & Heimer, 1988; de Olmos & Heimer, 1999; Koob, 2009), where neurotransmitters such as CRF, NA, and DA interact. A detailed description of how stress exposure modifies the rewarding effects of drugs of abuse has been reported in Rodriguez-Arias et al. (2013).  Moreover, we have performed an exhaustive review of the impact of social stress in addiction to psychostimulants in animal models (see first publication of the present thesis).  Figure 13    
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Adolescence, drug use and stress 
7.- ADOLESCENCE, DRUG USE AND STRESS As commented previously, the consumption of drugs, such as alcohol or MDMA, in adolescence is very extended (ESTUDES 2012/2013).  Adolescence refers to the gradual period of behavioral transition from childhood to adulthood but the boundaries of this period are less 
precisely deﬁned (Spear 2000; Sisk & Foster, 2004). This term is closely related to puberty although the definition is not identical. Adolescence is, in general terms, the period of gradual physiological, cognitive, behavioural and psychological transitions with important changes in life (Pickles et al., 1998; Spear, 2000). The transition from childhood to adulthood involves extensive developmental changes and reorganisation of the brain (McCormick, 2010). During puberty, neuronal maturation of the brain, which began during perinatal development, is completed such that the behavioral potential of the adult organism can be fully achieved (Schneider, 2008). In relation to these brain changes, there are numerous neurodevelopmental alterations that take place during this period, such as maturational processes in the mPFC and limbic regions, which are characterised by both progressive and regressive changes, e.g. myelination and synaptic pruning (Spear, 2000; Powell, 2006). Maturational changes are also evident during adolescence in limbic regions such as the hippocampus (Wolfer & Lipp, 1995), and gray matter reductions also take place in the striatum and other subcortical structures (Sowell et al., 2002; Rodríguez-Arias & Aguilar, 2012). For this brain reorganisation, adolescence is seen as a highly vulnerable developmental period for the consequences of exposure to drugs of abuse (Schneider, 2008).  
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Human adolescence is commonly considered to be from 12 to 18 years of age, although the entire second decade of life is sometimes also considered adolescence, with up to 25 years being considered late adolescence (Baumrind, 1987) or young adults. In animals, the period of adolescence is around 21-60 postnatal day (PND), which can be divided into early adolescence, between 21-34 PND, middle adolescence at 34-46 PND and young adults between 46-60 PND (Laviola et al., 2003). Precisely it is in this period when the dates about consumption of EtOH and MDMA mark an important record and there is a sizable research literature using animal models that describes age differences in the effects of drugs of abuse and the underlying mechanisms for the effects of drugs (Barron et al., 2005; Carpenter-Hyland & Chandler, 2007). Furthermore, maturation of neurotransmitter systems such as the glutamatergic, the dopaminergic and also the endogenous cannabinoid system occur during adolescence, with developmental peaks often seen concomitant with the onset of puberty (Rodriguez de Fonseca et al., 1993; Spear, 2000). Basal levels of synaptic DA are lower during this phase of development, although adolescents show a greater and faster increase in drug-induced DA release (Laviola et al., 2001; Badanich et al., 2006). In relation with it, adolescents are generally subject to a less positive impact from stimuli with moderate to low incentive value, and thus seek additional appetitive reinforcers (Spear, 2000). According to differents studies (Bjork et al., 2010) it is shown that in adolescents, important centres of emotions and rewards are very active. For example, amygdala and accumbens of adolescents exhibit more activity than those of adults (Ernst et al., 2011). So, a lot of behaviours described as typicals in adolescence (impulsivity, intake of drugs, desinhibition…) have a biological basis because the adolescents have immature neural 
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processing in the PFC and other cortical and subcortical regions involved in decision-taking, leading to a behaviour that is biased toward risk and emotional reactivity during the adolescent period (Sturman & Moghaddan, 2011; Rodriguez-Arias & Aguilar, 2012). Many typical adolescent behaviors are very related with the consumption of drugs, such as, risk taking, more autonomy, heightened responsibility, considerable peer influence, impulsivity, egocentrism, shorter periods of sleep, new interests, and increase in the number of conflicts with parents (Spear, 2000; Spear, 2011; Sturman & Moghaddam, 2011). All of these behaviours can lead to a higher incidence of risky behaviours such as a misconduct at school, drink driving, unsafe sex, antisocial behaviours and, of course, use of legal and illegal drugs (Doremus-Fitzwater et al., 2010; Eaton et al., 2012; Spear, 2011).  With regard to stress vulnerability, the adolescent nervous system is more readily shaped by environmental factors like stressful events (McCormick, 2010). In addition, the clinical literature shows that stress in adolescence increase the risk for drug abuse (King & Chassin, 2008; Hoffmann et al., 2000). The effects of stressors on brain structure and function often involve activation of the HPA axis, which results in elevations of glucocorticoid hormone concentrations and increased actions of the hormone at corticosteroid receptors distributed throughout limbic and prefrontal regions of the brain (McCormick, 2010). Elevated exposure to glucocorticoids over the course of adolescence confers sex-speciﬁc changes in behavioural responses to drugs of abuse, which may be of relevance for understanding risk factors in people (McCormick, 2010). Behavioral stress affects both the 
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Justification of experiments 
 9.- JUSTIFICATION OF EXPERIMENTS  Taking into consideration that drug addiction is an important problem in our society, that MDMA and EtOH are abuse susbtances with an extended consumption between adolescent and young adults and that stress seems to be an important factor to initiation, maintenance and relapse/reinstatement of the drug addiction, the experiments presented in this doctoral thesis have the general objective to determine how stress exposure can modify the rewarding effects of these drugs and to enhance the knowledge of the neurobiological substrates of these effects.  For this reason, the first step in this work was to do a wide review of all the information available until the moment about the impact of social stress in animal models of drug addiction. The theorical framework (paper 1: Review) was essential to design the experimental work. Later, we studied the influence of acute social stress on the acquisition of the CPP induced by MDMA and if there were differences between early adolescent and young adult mice (paper 2: experimental study 1). Then, we determined the role of the glutamatergic NMDA receptors in the acquisition and reinstatement of the rewarding effects of MDMA (paper 3: experimental study 2, in press) as a previous step to evaluate the role of this neurotransmitter system in the influence that acute social defeat has on the rewarding effects of MDMA.  Following, we studied the influence of repeated social stress on the acquisition of the CPP induced by MDMA and if there were differences between early adolescent and young adult mice (paper 4, experimental study 3, submitted). 
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Justification of experiments 
 In paper 5, we report the work made in the Department of Psychology of the Universtiy of Cambridge during a 4-months period of a stay in the prestigious laboratory directed by the professor BJ Everitt. During this time, we studied the effects of opioid system in the alcohol addiction. Then, in relation with our topic, we studied the effects of social stress in the effects of EtOH (see experimental study 6).   In the following study we want to evaluate if the combination of social stress and MDMA use has synergic negative behavioural and cognitive effects because no other paper has studied this relation, even though both drugs induced impairing effects separately. For this reason, after treatment with a high dose of MDMA and exposure to acute social stress, the animals were evaluated in memory, motor activity and depression-like behaviour (experimental study 5, paper in preparation).  As mentioned above, to study how the exposure to acute and repeated social stress affects the motivational effects of ethanol in the CPP paradigm and the voluntary consumption of this drug in the two-bottle choice procedure we design the next study (experimental study 6, paper in preparation).  Finally, to extend the knowledge about the implication of glutamatergic system in the rewarding effects of MDMA, we studied the effects of NMDA and AMPA antagonists, as well as a nitic oxide synthase (NOS) inhibitor, in the CPP induced by ecstasy. In addition, we studied the effects of these drugs in mice exposed to acute social defeat before place conditioning with ecstasy (experimental study 7, paper in preparation).   
93 
 
Justification of experiments 


















 10.- PUBLISHED PAPERS 10.1.-  REVIEW: Impact of social stress in addiction to psychostimulants: what we know from animal models. Aguilar, M. A, 
García-Pardo, M. P., Montagud-Romero, S., Miñarro, J., & Do Couto, B. R.  
Current Pharmaceutical Design., 2013;19(40):7009-25. Doi: 10.2174/138161281940131209124708    10.2.-  EXPERIMENTAL STUDY 1: Effects of acute social stress on the conditioned place preference induced by MDMA in adolescent and adult mice. García-Pardo, M. P., Rodríguez-Arias, M., Maldonado, C., Manzanedo, C., Miñarro, J., & Aguilar, M. A. Behavioural 
Pharmacology, 2014 Sep;25(5-6):532-46. Doi: 10.1097/FBP.0000000000000065.  10.3.- EXPERIMENTAL STUDY 2: Involvement of NMDA glutamate receptors in the acquisition and reinstatement of the conditioned place preference induced by MDMA. García-Pardo, M.P., Escobar-Valero, C., Rodríguez-Arias, M., Miñarro, J., & Aguilar, M.A . Behavioural 

















 11. SUBMITTED PAPERS 11.1.- EXPERIMENTAL STUDY 3: Effects of repeated social stress on the conditioned place preference induced by MDMA in adolescent and adult mice.  García-Pardo, M. P., Blanco-Gandía, M. C., Valiente-Lluch, M., Rodríguez-Arias, M., Miñarro, J.  & Aguilar, M. A . Submitted to Progress in 
NeuroPsychopharmacology and Biological Psychiatry (under review)  11.2.- EXPERIMENTAL STUDY 4: A novel preclinical model of alcohol seeking and drinking in alcohol-preferring rats: Selective effects of the novel µ-opioid receptor antagonist GSK1521498. Giuliano, C., Goodlett, C. R., Economidou, D., García-Pardo, M. P., Belin, D., Robbins ,T. W., Bullmore, E. T., & Everitt, B. J. Submitted to NeuroPsychopharmacology  
(under second review) 
With regard to this study it is important to note that I have only 
performed the procedure of the two-bottle choice and the 
experiments to evaluate the effects of naltrexone and CGS1521498 
in ethanol consumption in this paradigm (Figure 4). I have also 
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13.- RESULTS AND LINE OF ARGUMENT 
 In developed societies, drug consumption is widely extended between adolescent and young subjects (ESTUDES, 2012; EDADES, 2013; EMCDDA, 2014; UNODC, 2014). Alcohol is the legal drug most commonly consumed by adolescents and adults in Europe while MDMA is an illegal drug frequently consumed between adolescents and young adults at weekend parties and discos. Most people used these drugs in a recreational way, but several numbers of individuals showed important problems or damages associated with drug consumption and developed dependence and addiction disorders. Although alcohol and MDMA use is very extended, only some people suffer a transition from the voluntary consumption of these drugs to dependence and addiction, characterized by loss of control over the use of the substance and the enhanced vulnerability to relapse after periods of abstinence (Everitt & Robbins, 2013). Biological as well as individual and environmental variables contribute to the transition to drug addiction, like genetics (Demers et al., 2014), alterations in DA and glutamatergic sytems (Van den Oever et al., 2012; Pierce & Wolf, 2013; Quintero, 2013; van Huijstee & Mansvelder, 2015), age at the moment of drug exposure (Schramm-Sapyta et al., 2009; Doremus-Fitzwater et al., 2010; Gulley & Juraska, 2013), personality traits such as impulsivity or novelty-seeking phenotype (Jupp & Dalley, 2014; Everitt, 2014), social environment (Neisewander et al., 2012) and stress exposure (Sinha et al., 2011; Rodríguez-Arias et al., 2013), between others. Thus, it is essential to know the neurobiological substrate of the rewarding effects of drugs of 
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abuse and determine which variables are involved in the individual vulnerability to drug addiction. With this objective, in the present thesis we have studied, using different animal models, the influence of some variables, such as age, social stress exposure and pharmacological manipulations, on the rewarding effects of MDMA (commonly known as 
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